Introduction
The diffusion coefficient is sensitive to molecular structural change, and the real-time monitoring of diffusion coefficient is required in a broad field. For example, in bio-field, monitoring the diffusion coefficient of protein can detect protein-protein interaction. On the other hand, in industrial field, the product quality of nanoparticle such as dispersiveness can be controlled by monitoring the diffusion coefficient. However conventional methods (e.g. fluorescence correlation spectroscopy and nuclear magnetic resonance method) need bulk sample volume, and take a long time. Furthermore, they are difficult to miniaturize.
From above aspects, we have developed a novel micro optical diffusion sensor (MODS) [1] based on laser-induced dielectrophoresis (LIDEP) [2] , enabling minutely small sample and high-speed measurement without sample pretreatment.
In this paper, in order to observe the mass diffusion generated by LIDEP, we propose a novel optical signal detection technique using diffracted light, which can be easily integrated into MODS. Then, we confirmed the validity of the proposed measurement.
Measurement principle of MODS
A schematic image of MODS is shown in Fig. 1 . MODS consists of upper dielectrophoretic cell, namely DEP cell, and lower micro Fresnel mirror device. The micro Fresnel mirror [3] excites the interference pattern, and then the concentration distribution is generated by dielectrophoresis in DEP cell. In our final goal, all optical components and detection apparatuses are integrated into chip.
The cross-sectional view of the DEP cell is shown in Fig. 2 . The DEP cell consists of two transparent electrodes and photoconductive layer. Liquid sample is sealed within the micro channel. First, two excitation lasers are intersected on the photoconductive layer, and the sinusoidal light intensity distribution generates the sinusoidal distribution of electrical conductivity by the photoconductive effect. A non-uniform electric field is formed in the channel followed by generating the dielectrophoresis, and then the sinusoidal concentration distribution is induced. The concentration distribution is considered as diffraction grating, therefore the diffracted light is generated by irradiating probing laser. The decay of the concentration distribution occurs immediately after stopping the AC voltage, due to the mass diffusion of the particles. Diffusion coefficient can be measured by detecting the intensity decay of the diffracted light, and calculated according to the following equation. In order to verify the validity of the measurement principle, bench-top apparatuses are utilized. Schematic of bench-top apparatuses are shown in Fig. 3 . YAG laser whose wavelength is 532 nm has a high absorbance of photoconductive layer. YAG laser is divided into two beams of equal intensity by non-polarized beam splitter, and two beams are intersected on the photoconductive layer of the dielectrophoretic cell. The AC voltage is applied by function generator, and the pattern of the concentration is generated by dielectrophoresis. LD whose wavelength is 635 nm has a low absorbance of photoconductive layer. When LD is irradiated on the concentration distribution, diffracted light is generated. After stopping the AC voltage, the mass diffusion can be observed as the intensity change of the diffracted light by the photodetector. The preliminary measurement using 0.1 vol% polystyrene beads (diameter of 500 nm) in distilled water was demonstrated under the condition of 10.5 µm-fringe spacing. The intensity decay of the diffracted light along with the mass diffusion was successfully detected as shown in Fig. 4 . As a result, experimental data well agreed with the theoretical curve fitting, and therefore, the diffusion coefficient can be estimated by the time constant that is derived from the fitting result. Fig.4 The intensity change of the diffracted light. Figure 5 shows the relationship between the length of interference fringe spaces and diffusion coefficient. According to the result of 25.9 µm-fringe spacing, the deviation from theoretical value that is calculated by Stokes-Einstein's law is over 40 % and the diffusion coefficient is varied with the induced time. On the other hand, in the case of 10.5 µm-fringe spacing, the deviation from theoretical value is less 3 %, and the induced time dependence is relatively small. These results indicated that unexpected concentration distribution was generated in wider fringe spacing, and the appropriate conditions should be considered for the precise measurement of diffusion coefficient.
Induced time and fringe spacing dependence of diffusion coefficient

Particle size dependence of diffusion coefficient
According to Stokes-Einstein's theory, the diffusion coefficient is inversely proportional to the particle size. Fig.  6 shows the particle size dependence of diffusion coefficient that is obtained from measurement result using our sensor. Particle diameters of polystyrene beads are 100 nm and 500 nm, and the 10.5 µm-fringe spacing was utilized for the precise measurement of 500 nm polystyrene beads. We succeed in confirming the particle size dependence of diffusion coefficient using proposed method. 
Conclusions
We confirmed the validity of the measurement principle and suggested the possibility that the diffusion coefficient can be measured by our sensor under appropriate conditions. In addition, the particle size dependence of diffusion coefficient was confirmed.
